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Abstract 
The touch panel technology has been developed in recent years, and the foldable touch panel is one of the newly attractive 
characteristics. This article focuses on the bending stress analysis of foldable touch panel, composed of plastic substrate PET, 
adhesive layer, plastic layer PI, organic layer and conductive layer ITO to form a seven-layer laminated structure. By applying 
four-point bending, the stress distribution of the touch panel under different radius of curvature was analyzed. The results show 
that the maximum von Mises stress occurred in the ITO layer and the maximum von Mises stress increased from 0.497 GPa to 
1.242 GPa with decreasing radius of curvature. The region near the center of the touch panel has higher von Mises stress, and the 
relation between the radius of curvature and the maximum von Mises stress exhibits a non-linear feature.  
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1. Introduction 
The touch panel used in some high-tech products, like smart phone, tablet personal computer has become an 
important technology in recent years and the foldable characteristics of touch panel has attracted more attentions. To 
be foldable, the touch panel becomes thinner, less weight and however vulnerable to fail. When the touch panel is 
folded, the conductive thin layer might failed due to the large deformation under bending.  
For the transparent and conductivity features in touch panel, the Indium Tin Oxide (ITO) is selected as the 
conductive material. Sim et al. [1] studied the crack reduction method through bending experiment by adding the 
aluminium buffer layer into the PET/ITO laminated structure. Alzoubi et al. [2] found that the radius of curvature 
and the number of bending cycle are the two main factors resulting in the fatigue behaviour of the conductive layer 
ITO in bending test of flexible substrate. Caims et al. [3] studied the mechanical property and the electrical failure of 
ITO with several substrates and found the crack number generated by bending would change with the deform shape 
of substrate. Oh et al. [4] used static bending and dynamic bending experiment to assess the failure mechanism of 
flexible substrate with ITO electrodes, the crack induced after experiment could affect the conductivity of ITO film. 
Lee and Lee [5] found that under compressive bending stress on polymer substrate, the cracks generated near the 
center of specimen and the crack number increased as the radius of curvature decreased. Sierros et al. [6] concluded 
that the combination of stress and corrosion by acrylic acid could cause ITO cracking at stresses lower than a quarter 
of those needed for failure without corrosion Yu et al. [7] added a silica buffer layer between plastic substrate PET 
and conductive layer ITO and found that after bending experiment the conductivity of ITO varied at different radius 
of curvature for both cases. Lan et al. [8] demonstrated that using a thermionic emission (TE) enhanced DC 
magnetron sputtering system to have ITO films deposited on polyethylene terephthalate (PET) substrates could 
improve electrical and optical properties under static and dynamic mechanical bending.  
Leterrier et al. [9] showed that the internal stress and thickness of layer affected the failure mechanisms of flexible 
display by bending and fragmentation tests. Park et al. [10] studied the mechanical stability of externally deformed 
ITO films on polymer substrates. Gergo et al. [11] evaluated the bending method to test the flexible display and 
found the failure mode in flexible display. Chen et al. [12] assessed the flexibility and reliability of the flexible 
display in different use cases by failure analysis. Crawford et al. [13] used the flexible glass as substrate and ITO as 
the conductive layer in flexible touch panel to improve the life of panel by different circuit deployment. Li et al. [14] 
performed the thermal stress analysis of flexible panel with different temperature and humidity.  
The bending behavior of the touch panel has been concerned in the most references mentioned-above. The 
bending stress analysis of the foldable touch panel are simulated in this study with different radius of curvature.  
2. Finite element analysis 
The finite element code ANSYS ® [15] was used to analyze the stress distribution of foldable touch panel in the 
form of laminated structure under different radius of curvature. The finite element method is a method to change the 
continuum of infinite degree of freedom to a domain with finite degree of freedom by discretizing a solid structure 
into many elements. Each element has several nodes with finite degree of freedom. The system simultaneous 
algebraic equations can be derived by variatioinal or weighted residual methods and the equations are solved by 
numerical analysis method [16-18]. The analysis procedure includes (1) defining the type of problem, (2) choosing 
the appropriate type of element, (3) building the analysis model with meshes, (4) applying the boundary conditions 
and loads, (5) solving the problem, and (6) display the results. 
The element used in bending stress analysis of the foldable touch panel is Solid 45, which is a hexahedral 
element composed of eight nodes and each node has three degrees of freedom in x, y, and z directions. The touch 
panel with seven-layer laminated structure is composed of plastic substrate PET, adhesive layer, plastic layer 
Polyimide (PI), two organic layers and two conductive ITO layers. Fig. 1. shows the foldable touch panel with seven 
laminated layers. The thickness of each layer is shown in Table 1.  
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         Table 1. The thickness and material properties of each layer in the touch panel 
Material Thickness Young’s Modulus (GPa) Poisson’s Ratio 
ITO 2 (equivalent) 70 nm 36.4 0.475 
ITO 1 (equivalent) 70 nm 24.1 0.475 
Organic 1 μm 2.0 0.35 
PI 15 μm 2.7 0.34 
Adhesive 20 μm 3.2 0.35 
PET 100 μm 4.8 0.3 
 
The material properties of each layer are obtained from experiments and the related articles, as shown in Table 1. 
Because of the complicated geometric pattern in ITO layer, the equivalent material properties of ITO layer is used in 
this analysis. The Young’s moduli of the two ITO layers are different due to different geometric patterns. The size 
of the analysis model is a square with 2 cm in length and 2 cm in width. To avoid too slim elements in the model, 
the ratio of length to width in each element is restricted within 1:20. The total number of the elements is 83200 in 
finite element analysis. 
The touch panel is under four-point bending and the boundary conditions used for this model are shown in the Fig. 
2. The degrees of freedom at the side A are fixed in the y and z directions and the degree of freedom at the upper 
side B is fixed in the y direction only. In addition, the degrees of freedom at point A and B are fixed in the x 
direction. To apply four-point bending on the touch panel, the y-displacement in direction is prescribed at the two 
lines near the center with a span of 0.5 cm. The radius of curvature can be derived from the deflection curve of the 
touch panel and can be obtained from the simulated results and the following equation 
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where U  is the radius of curvature, N  is the curvature and y is the deflection curve of the touch panel. 
 
Fig. 1. The touch panel with seven laminated layers 
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Fig. 2. Boundary conditions of the analysis model 
3.  Results and Discussions 
After analysis the stress distributions of the foldable touch panel are obtained for each radius of curvature. The 
results for the radius of curvature 4.072 mm are presented here. The von Mises stress distribution and the details in 
lateral view are shown in Fig. 3. The maximum von Mises stress is 0.92 GPa on the top of ITO2 layer, which is in 
red color in Fig. 3. The second higher stress occurs in ITO1 layer, the other layers are in low stress values, below 
0.12 GPa. The stress is higher near the center of the touch panel then decreased to a lower value at the boundary. For 
comparisons, the maximum von Mises stress obtained for the panel under four-point bending is lower than those 
obtained for the same panel under three-point bending.  
As the radius of curvature decreases, the bending stress in the panel increases. The relation between the maximum 
von Mises stress in the touch panel and the radius of curvature are shown in Fig. 4 and the non-linear behaviour of 
this relation can be clearly seen. The maximum von Mises varies from 0.497 GPa to 1.242 GPa as the radius of 
curvature decreases from 0.755 mm to 0.296 mm.  
          
             Fig. 3. The von Mises stress distribution of touch panel                                         Fig. 4. The stress versus the radius of curvature 
4. Conclusions 
In this study, the bending behavior of laminated foldable touch panel under four-point bending was investigated 
using finite element method. The following conclusions are obtained.  
(1) The maximum von Mises stress of the laminated foldable touch panel occurred in the ITO2 layer, for the layer 
arrangement studied.  
(2) The value of maximum von Mises stress on the touch panel is 0.92 GPa when the radius of curvature is 4.072 
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mm. The stresses are higher near the central region of touch panel and decreased to a lower value at the 
boundary.  
(3) The relation between the maximum von Mises stress of touch panel and the radius of curvature is non-linear; the 
maximum von Mises stress varies from 0.497 GPa to 1.242 GPa as radius of curvature decreases from 0.755 mm 
to 0.296 mm.  
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